
(12) United States Patent 

US006683112B2 

(10) Patent N0.: US 6,683,112 B2 
Chen et al. (45) Date of Patent: Jan. 27, 2004 

(54) GABAPENTIN PRODRUGS AND (58) Field of Search ............................... .. 514/420, 423, 
FORMULATIONS 514/512, 557, 561; 558/276, 275, 277; 

562/507 
(75) Inventors: Chih-Ming Chen, Davie, FL (US); 

Jane Chen’ Davle’ FL (Us) (56) References Cited 

Assignee: AIldI'X Corporation, Davie, ( * ) Notice: Subject to any disclaimer, the term of this 4,087,544 A * 5/1978 SatZinger et al. 

patent is extended or adjusted under 35 4,612,008 A * 9/1986 Wong et a1 
U_S_C_ 154(k)) by 36 days_ 4,851,426 A * 7/1989 Ladkani et al. 

5,837,379 A * 11/1998 Chen et al. 

(21) A 1 N 10/040 251 6,103,932 A * 8/2000 HorWell et al. 
pp . 0.: , 

(22) Filed: Oct. 23, 2001 * Cited by examiner 

(65) Prior Publication Data Primary Examiner—James O. Wilson 

Us 8 EXaminer—TraVlSS MClntOSh, 7 (74) Attorney, Agent, or Firm—Davidson, Davidson & 

Related US. Application Data Kappel, LLC 

(60) 2P(r)(())‘6isional application No. 60/242,924, ?led on Oct. 24, (57) ABSTRACT 

(51) Int. Cl.7 ...................... .. A01N 37/12; A01N 43/38; The Present invention relates to novel prodrugs 0f gabap 
C07C 229/00; C07C 69/96 entin and to pharmaceutical formulations and sustained 

(52) US. Cl. ..................... .. 514/561; 514/420; 514/423; release formulations Containing the prodrugs 

514/512; 514/557; 558/275; 558/276; 558/277; 
562/507 10 Claims, N0 Drawings 



US 6,683,112 B2 
1 

GABAPENTIN PRODRUGS AND 
FORMULATIONS 

This application claims priority to provisional applica 
tion No. 60/242,924 ?led Oct. 24, 2000, the disclosure of 
Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Gabapentin is a cyclohexaneacetic acid derivative that is 
sold under the trademark NEURONTIN for the treatment of 
partial seiZures in adults With epilepsy. The current admin 
istration regimen requires 900 to 1800 mgs/day and given in 
divided doses of three times per day using 300—400 mg 
capsules. While the drug is highly effective for its prescribed 
use, there is a need to develop a version of the drug that is 
administered in a once-a-day regimen and Which provides an 
equally ef?cacious pharmaceutical product and improved 
side effect pro?le. 

Gabapentin is 1-(aminomethyl)cyclohexaneacetic acid. 
This compound is highly soluble in Water and in both basic 
and acidic conditions. The drug per se is not extensively 
metaboliZed in humans and is eliminated via renal excretion 
essentially unchanged. At the typical dosage range (300—600 
mgs T.I.D.) the oral bioavailability is approximately sixty 
percent. The gabapentin elimination half life is ?ve to seven 
hours and is unaltered by dose or folloWing multiple dosing. 
Thus, there is a need for an improved product pro?le that 
increases bioavailability and provides for a once a day 
dosing regimen. US. Pat. No. 4,087,544 discloses the com 
pound knoWn as gabapentin and various analogs thereof 
including, for example, the alkyl esters having an R group in 
place of the carboxylic acid hydrogen Wherein R is selected 
from an alkyl radical containing up to 8 carbon atoms. 
Speci?c alkyl groups disclosed include ethyl, methyl and 
n-butyl. Pharmaceutical compositions and methods of use 
are also generically disclosed. There is no teaching of 
therein or reference to the use of any of these compounds in 
a sustained release formulation. US. Pat. No. 5,955,103 
discloses certain dosage forms that may contain various 
active ingredients including gabapentin but it does not 
disclose or relate to sustained release dosage forms contain 
ing pro-drugs of gabapentin. There is a need to combine the 
advantages of a prodrug of gabapentin and a sustained 
release delivery system to provide the sloW and ef?cacious 
delivery of the pro-drug and ultimately the active metabolite 
of said prodrug-gabapentin. 
US. Pat. No. 4,595,695 discloses certain prodrugs of 

valproic acid and describes, for example, the 1‘ethoxycar 
bonyloxyethyl ester of valproic acid. This patent does not 
disclose or describe gabapentin. 

SUMMARY OF THE INVENTION 

The present invention comprises a prodrug of gabapentin 
having the formula: 

(I) 
RZRIN CO2R3 

and the pharmaceutically acceptable salts thereof Wherein: 
R1 and R2 are independently selected from hydrogen and 

C1—C6alkyl, C2—C6alkenyl, C2—C6alkynyl and substi 
tuted versions thereof Wherein the substituents are 
selected from halogen, C1—C6alkyl, hydroxy, alkoxy or 
carboxy; and 
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2 
R3 is a variable having the formula —(R4)—O—(CO)— 
O—R5 Wherein R4 is selected from C1—C6alkyl, 
C2—C6alkenyl, C2—C6alkynyl and substituted versions 
thereof and R5 is selected from C1—C6alkyl, 
C2—C6alkenyl or C2—C6alkynyl and substituted versions 
thereof Wherein the substituents are selected from 
C1—C6alkyl, halogen, hydroxy, alkoxy or carboxy. 
Alternatively, R3 is selected from C1—C6 alkyl, alkenyl 

and alkynyl groups or sugars selected from chiral sugars or 
racemic mixtures and, While certain compounds in this 
category are not novel per se, the sustained release dosage 
forms having a compound of formula I Wherein R3 is as 
above are novel and are part of the claimed invention herein. 
The preferred alkyl group is selected from an ethyl group. 
Other viable candidates include methyl, propyl, butyl, 
isobutyl, pentyl, hexyl and other isomers of the alkyl groups 
and substituted versions thereof Wherein the substituents are 
selected from —NR1R2, halogen, hydroxy, and alkoxy. For 
example, R3 is selected from 1-(3-propylamine) or 

In certain embodiments, the present invention is directed 
to a compound having the formula (I): 

(I) 

and the pharmaceutically acceptable salts thereof Wherein: 
R1 and R2 are independently selected from hydrogen, 

t-butyloxycarbonyl and C1—C6 alkyl, C2—C6alkenyl, 
C2—C6alkynyl and substituted versions thereof Wherein 
the substituents are selected from halogen C1—C6alkyl, 
hydroxy,alkoxy, or carboxy; 

and R3 is a variable having the formula —(R4)—O— 
(CO)—O—R5 Wherein R4 is selected from 
C1—C6alkyl, C2—C6alkenyl, C2—C6alkynyl and substi 
tuted versions thereof and R5 is selected from 
C1—C6alkyl, C2—C6alkenyl or C2—C6alkynyl and sub 
stituted versions thereof Wherein the substituents are 
selected from C1—C6alkyl, halogen, hydroxy, alkoxy or 
carboxy; or 

R3 is selected from C1—C6 alkenyl and alkynyl groups or 
sugars selected from chiral sugars or racemic mixtures 
thereof and substituted versions thereof Wherein the 
substituents are selected from —NR1R2, halogen, 
hydroxy, and alkoxy or 

R3 is selected from substituted C1—C6alkyl Wherein the 
substituents are selected from —NR1R2, halogen, 
hydroxy, and alkoxy. 

In certain embodiments, the present invention is further 
directed to a sustained release formulation comprising a 
compound of formula I Wherein R3 is selected from C1—C6 
alkyl and substituted versions thereof Wherein the substitu 
ents are selected from —NR1R2, halogen, hydroxy, and 
alkoxy and a pharmaceutically acceptable excipient Wherein 
at least one of said excipients provides a sustained release 
pro?le relative to the immediate release form of gabapentin 
or gabapentin analog. 

In a preferred embodiment, R1 and R2 are selected from 
hydrogen; R4 is selected from methylene —(CH—) substi 
tuted With CH3 and R5 is selected from C2H5. Thus, the 
preferred prodrug is the 1‘ethoxycarbonyloxyethyl ester of 
gabapentin and the pharmaceutically acceptable salts thereof 
or a compound of formula II: 
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The present invention also relates to the single enanti 
omers or diasteroisomers of the prodrugs of formula I When 
a chiral center or centers is present on the molecule and to 
pharmaceutical compositions and dosage forms containing 
such enantiomers or diastereomers. In particular, it is 
believed that When R3 is a chiral sugar moiety, the different 
chiral molecules Will have different rates of cleavage and 
metabolism and could provide both immediate release of 
and sustained release of the cleaved achiral gabapentin 
molecule. 

The present invention further comprises pharmaceutical 
compositions comprising a compound of formula I or II With 
the variables described above and a pharmaceutically 
acceptable eXcipient. 

The present invention also comprises a method of treating 
patients having seiZures comprising administering a phar 
maceutically effective amount of a prodrug of formula I or 
II or a pharmaceutical composition thereof to said patient. 

The present invention comprises a dosage form having a 
compound of formula I or II as the penultimate active 
ingredient (Prodrug) in the dosage form Wherein the com 
pound of formula I or II is converted or metaboliZed in vivo 
to gabapentin or a pharmaceutically acceptable salt thereof. 

The present invention also comprises a sustained release 
formulation and dosage form comprising a compound of 
formula I or II and pharmaceutically acceptable eXcipients 
that provide a controlled release of the prodrug and the 
sustained delivery of the metabolite gabapentin or a salt 
thereof. 

The present invention also relates to a sustained release 
rate and delivery pro?le in vitro or in vivo and in the gastric 
system and in the blood plasma of a patient treated With the 
prodrug of formula I or II relative to the release rate and 
delivery pro?le of gabapentin. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to novel and useful prodrugs 
of gabapentin, processes to produce such prodrugs and 
products produced by the processes. In addition, the present 
invention relates to use of the prodrugs herein as dosage 
form ingredients to produce, upon ingestion, pharmaceuti 
cally active gabapentin as a metabolic product of the gaba 
pentin prodrug of formula I and II and their pharmaceuti 
cally acceptable salts. In addition, the invention relates to the 
single enantiomers or diasteromers of the prodrugs of the 
invention. Either or both enantiomers may undergo different 
rates of enZymatic hydrolysis and thus are both useful in 
their oWn right. The novel esters act as a prodrug that 
eXhibits characteristics of a sloW release pro?le of the parent 
drug. In addition, the prodrug can be formulated into phar 
maceutical dosage forms including sustained release dosage 
forms to produce a sloW release product. The sloW release 
occurs from the continual metabolism of the prodrug to the 
active gabapentin and from the properties of the dosage form 
that can be manipulated and adjusted to provide sloW release 
pro?les that are bene?cial to the patient from a compliance 
perspective and from an ef?cacy and side effect perspective. 
The particularly preferred prodrugs are selected from com 

10 

15 

25 

35 

45 

55 

65 

4 
pounds of formula I as recited above and more particularly 
from a compound of formula II and their pharmaceutically 
acceptable salts. 
A compound of formula I and formula II are readily made 

from commercially available gabapentin or a salt or deriva 
tive thereof. In a preferred process and in order to prevent 
lactam formation during modi?cation and esteri?cation of 
the gabepentin precusor (the carboXylic acid), the preferred 
precursor is the amine salt of gabapentin. This precursor is 
unlikely to form or cannot form the lactam because of the 
temporary loss of the nucleophilc electrons on the free 
amine of gabapentin. The 1‘ethoXycarbonyloXyethyl ester 
prodrug of gabapentin is particularly believed to be an 
eXcellent precursor and prodrug because the metabolic path 
Way of this compound Will yield biologically harmless or 
neutral metabolic components as Well as the active gabap 
entin. This ester has been used in other active ingredients 
including valproic acid and alpha-aminopenicillins and 
penicillin G. It has been found that absorption of such esters 
from the intestinal tract is superior to the absorption of the 
free acids Which Will yield higher blood levels of the drug. 
In addition to having higher blood levels, it is believed that 
the particular combination of higher blood levels as Well as 
the properties of a dosage form, in particular a sustained 
release dosage form, provide the most bene?cial range of 
properties. Thus, in a preferred embodiment, the combina 
tion or synergistic combination of the prodrugs of the 
invention and the sustained release eXcipients and forms of 
the invention create the most ideal pro?le for the adminis 
tration of gabapentin and represent a signi?cant advance 
over the immediate release form of the drug. Oral dosage 
forms are preferred. 
The invention also relates to a process for producing such 

drugs. In particular, compounds of formula I may be pre 
pared by reacting a compound of formula III With a com 
pound of formula IV to form a compound of formula I (see 
Scheme I). 
X represents a halogen atom (Cl, Br, F or I) and, in the 

case of the preferred embodiment, the material can be 
obtained according to the procedure described in US. Pat. 
No. 4,595,695. Y is the metal salt of the carboXylic acid. A 
compound of formula IV can also be made by an analogous 
procedure to that described for the compound disclosed in 
US. Pat. No. 4,595,695 and is typically used in at least a one 
molar ratio. The conditions of the reaction can, of course, be 
modifed for the particular ester or 

SCHEME 1 

OY 

RZRIN RZRIN CO2R3 

IV 

III I 

prodrug that is desired. 
Thus, the invention comprises a process comprising: 
(1) reacting a compound of formula III With 
(2) a compound of formula IV to form a compound of 

formula I. Alternatively, the compounds of the inven 
tion are made according to the process described in 
Scheme 2 beloW. 

In Scheme 2, the process comprises the steps of: 
(a) adding gabapentin or a derivative thereof to a bead to 

form a carboXylic acid reactive component; 
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(b) reacting the carboyXlic acid component With acid or 
base to form a reactive species; 

(c) reacting the reactive species formed in step b With an 
esterfying component to form, upon esteri?cation, a 
compound of formula I or a salt thereof. 

SQHEMEZ 

COZH _ coupling bead 
—> 

bead-HN 

i \cozn 
tBuOR/BF3etherate 
or 

H+ 

ROH 

H2O 

bead-HN 

i i COOR 

bead-HN 

CO2Na+ 

K 

lactam 

OH 

HZN 

0 

25 

6 
In this process, a support is used to hold the amine portion 

of the gabapentin and the carboXylic acid moiety can then be 
modi?ed as desired to form compounds of formula I or II 
Without the presence of the undesired lactam. As shoWn 
above, the prodrugs can be made under basic or acidic 
conditions to form the prodrug salt that may be used in pure 
form as the “active ingredient” in the drug tablet. This 
“active ingredient” then converts to gabapentin upon admin 
stration in oral form to the patient in need of treatment 
thereof. It is preferred and necessary that aprotic solvents are 
used in ester formation in order to prevent hydrolysis of the 
ester back to starting material(s). Similarly and not shoWn in 
a scheme, the amine group may be modi?ed to alkylated 
derivatives thereof by standard organic reactions (amine 
alkylation using RX and amine) to form NRlH or NR1R2 
Wherein R1 and R2 are selected from alkyl, alkenyl and 
alkynyl moieties. These groups may be added before or after 
esteri?cation to form the prodrug from the gabapentin 
precursor. 

The preferred synthetic route to form, for example, the 
ethyl ester of gabapentin as the hydrochloride salt (Ethyl 
1-aminomethyl-1-cycloheXane-acetate hydrochloride salt) is 
prepared using thionyl chloride (SOCl2 in ethanol). The 
preferred synthetic route to the synthesis of 
[(EthoXycarbonyl)oXy]ethyl gabapentin ester hydrochloride 
(the hydrochloride salt of a compound of formula II) 
involves (1) protecting the nitrogen With boc (using boc 
anhydride); (2) treating the N-boc-gabapentin With tetrabu 
tyl ammonium hydrogen sulfate and 2M sodium hydroXide 
to generate an activiated N-tetrabutylsalt that (3) reacts With 
ethoXycarbonyloXyethylchloride to form the boc protected 
ethoXycarbonyloXyethyl gabapentin that is (4) treated With 
hydrochloric acid to form the compound of formula II (as the 
HCl salt). The ethoXycarbonyloXyethylchloride Was pre 
pared from 1-chloroethylchloroformate and ethanol using 
pyridine and methylene chloride as the solvent system (see 
Scheme III). 

OEt o 

0 K o— N+(C4H9)4 
HbocN O HbocN 

O EtOC(O)CHClCH3 0 
4i 
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III 

Pharmaceutical Compositions 
Compounds of the invention are then added to pharma 

ceutically acceptable excipients to form pharmaceutical 
compositions. The invention comprises a pharmaceutical 
composition comprising the prodrug of formula I or II and 
a pharmaceutically acceptable excipients. These excipients 
are typically selected from the class of inactive reagents 
used in the pharmaceutical formulation arts and include any 
pharmaceutically acceptable polymer or excipient such as 
sucrose, lactose and the like. Typical excipients include 
binders, disintegrants, lubricants, surfactants, Wetting 
agents, sWellable polymers, coating ingredients for ?lms or 
sustained release or immediate release coatings, ?llers, 
Water absorbing materials, hardening agents, formulating 
agents and processing aids. The drug can be as drug per se 
in any particle siZe as Well as in the form of a granule or as 
a coating on a bead or sphere. 
On oral administration of the prodrug or a pharmaceutical 

formulation thereof, it is believed that the ester is easily 
absorbed from the digestive tract and through enZymatic 
hydrolysis Would liberate the active ingredient gabapentin as 
the prodrug is exposed to a hydrolytic environment. It is also 
believed that the esters of the invention are someWhat 
resistant to non-enZymatic hydrolysis and Would thus be 
stable in the gut prior to absorbtion through the digestive 
tract. Stability studies of the prodrug in vitro Will demon 
strate that the prodrug converts to gabapentin. These stabil 
ity studies are conducted at room temperature and may be 
conducted in blood plasma. Of course, the stability of the 
prodrug is increased When it is converted to a salt form such 
as the hydrochloride salt. Exposure to hydrolytic enZymes in 
vitro as Well as in vivo releases gabapentin. 
Pharmaceutical Dosage Forms 

Standard dosage forms may incorporate the prodrugs of 
this invention to form, in a preferred embodiment, oral 
dosage forms. Oral dosage forms represent the majority of 
pharmaceutical dosage forms and are the form most pre 
ferred by patients for chronic administration or acute admin 
istration of medicaments. Pharmaceutical capsules or tablets 
may be prepared and Which comprise the prodrug and 
inactive ingredients such as lactose or other sugar, corn 
starch and talc. Other inactive ingredients can include 
gelatin, titanium dioxide and yelloW iron oxide. The ingre 
dients are dry mixed and compressed into tablets or are 
mixed and inserted into capsules. Color coatings may be 
applied to the tablet. 

The most preferred pharmaceutical dosage forms include 
controlled delivery systems containing the prodrug of for 
mula I or II. In one embodiment, the controlled delivery 
system may be an osmotic system such as that described in 
US. Pat. No. 4,612,008 Which is hereby incorporated by 
reference. This patent describes a push-pull osmotic pump 
system that comprises (a) a semipermeable membrane; (b) a 
compartment; (c) a ?rst composition or layer having drug, 
osmagent and osmopolymer; (d) a second composition or 
layer having osmagent and osmopolymer and (e) a passage 
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Way connecting the ?rst drug containing composition to the 
exterior of the device to permit release of the drug. 
Alternatively, the prodrug of the invention may be added to 
a controlled delivery device such as a single composition or 
single layer system having a membrane; a compartment 
having an osmopolymer and an osmagent and drug Wherein 
the membrane has an enteric coated polymer. Such a system 
is described in, for example, US. Pat. No. 5,837,379 Which 
is hereby incorporated by reference. The single composition 
systems and the bilayer (or trilayer) osmotic push pull 
systems are suitable for both Water soluble and for Water 
insoluble drugs. Thus, in its broadest form for osmotic 
systems, the present invention comprises a sustained release 
dosage form, comprising (1) a core having (a) a prodrug of 
formula I and (b) at least one osmotically effective compo 
nent that is selected from the prodrug itself, an osmagent and 
an osmopolymer; (2) a membrane surrounding the core and, 
optionally, (3) at least one passageWay Wherein the passage 
Way is formed in vitro or in vivo or both. 

Osmagents are typically selected from, for example, Water 
soluble inorganic or organic small molecules such as sodium 
chloride or lactose or the like. Osmopolymers are generally 
selected from Water sWellable polymers such as a hydrogel 
and speci?cally include, for example, polyethylene oxides 
and the like. Osmagents and osmopolymers are more par 
ticularly described in the ’008 patent incorporated by refer 
ence above and all may be incorporate into the recited 
dosage form. 

In the single layer or single composition sytems, the 
dosage forms may be formed by forming granulations of the 
prodrug along With other excipients to form a granule that is 
further blended With, for example, a lubricant and com 
pressed into a tablet. The tablet is seal coated With, for 
example, a coating of hydroxypropyl methyl cellulose 
(Opadry Clear or YelloW) or an alternative coating of, for 
example PVP. An enteric coating may optionally be applied 
to the tablet and an SR coating is also applied to the tablet 
to form a sustained release delivery device. Optional cos 
metic or color coatings may be added as the last ?lm layer 
of the tablet and holes may or may not be drilled into the 
core or the external tablet. Alternatively, the prodrug may be 
mixed With all the excipients including, for example, 
osmopolymer such as polyox, osmagent such as lactose 
along With optional excipients such as ?llers, binders, lubri 
cants and/or disintegrants to form a blend that is compressed 
to a tablet, coated With Opadry clear or equivalent ?lm, 
optionally enteric coated and then SR coated to form a 
controlled release device. 

Other suitable sustained release dosage forms include 
hydrogel or matrix systems that permit sloW release of the 
drug or drug/polymer. One hundred percent of the drug is 
released over a tWenty-four hour period. 0—20% of the drug 
is released in the ?rst four hours While the remaining 80% 
is released over the next tWenty hours. The dosage forms 
may be in the form of pellets or beads that are “active 
pellets” either as the drug granule or as active ingredient 
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coated on a neutral core to form an active granule or bead 
that is further coated With a coating that provides sloW 
release of the drug-for example, Eudragit® or ethylcellu 
lose. 

It is also envisioned that the sloW release prodrug or 
formulations of the invention can, in some cases, be com 
bined With other active ingredients including immediate 
release gabapentin or other anti-epileptic drugs to provide 
combination products. 
What is claimed is: 
1. A compound having the formula (I): 

(I) 

and the pharmaceutically acceptable salts thereof Wherein: 
R1 and R2 are independently selected from the group 

consisting of hydrogen, t-butyloXycarbonyl and C1—C6 
alkyl, C2—C6alkenyl, C2—C6alkynyl and substituted 
versions thereof Wherein the substituents are selected 
from halogen, C1—C6alkyl, hydroXy, alkoXy, and car 
boxy; 

and R3 is a variable having the formula —(R4)—O— 
(CO)—O—R5 Wherein R4 is selected from 
C1—C6alkyl, C2—C6alkenyl, C2—C6alkynyl and substi 
tuted versions thereof and R5 is selected from the group 
consisting of C1—C6alkyl, C2—C6alkenyl and 
C2—C6alkynyl and substituted versions thereof Wherein 
the substituents are selected from the group consisting 
of C1—C6alkyl, halogen, hydroXy, alkoXy and carboXy; 
or 

R3 is selected from C2—C6 alkenyl and alkoXy groups or 
sugars selected from chiral sugars or racemic miXtures 
thereof and substituted versions thereof Wherein the 
substituents are selected from —NR1R2, halogen, 
hydroXy, and alkoXy or 

R3 is selected from substituted C1—C6alkyl Wherein the 
substituents are selected from —NR1R2, halogen, 
hydroXy, and alkoXy. 

2. A compound according to claim 1 Wherein R4 is 
selected from —(CH—) substituted With CH3 and R5 is 
selected from C2H5. 

3. A compound according to claim 1 and the pharmaceu 
tically acceptable salts thereof of formula II: 
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4. A compound according to claim 1 Wherein the com 
pound is a single enantiomer or diastereomer. 

5. Apharmaceutical composition comprising a compound 
according to claim 1 and a pharmaceutically acceptable 
eXcipient. 

6. A sustained release formulation comprising a com 
pound of formula I according to claim 1 Wherein 

R3 is selected from substituted C1—C6 alkyl Wherin the 
substituents are selected from —NR1R2, halogen, 
hydroXy, and alkoXy and a pharmaceutically acceptable 
eXcipient Wherein at least one of said eXcipients pro 
vides a sustained release pro?le relative to the imme 
diate release form of gabapentin or gabapentin analog. 

7. A method of treating patients prone to seiZures com 
prising administering a pharmaceutically effective amount 
of formula I or a pharmaceutical composition thereof 
according to claim 1 to said patient. 

8. A dosage form having a compound of formula I 
according to claim 1 as the penultimate ingredient in the 
dosage form Wherein the compound of formula I is con 
verted or metaboliZed in vivo to gabapentin or a pharma 

ceutically acceptable salt thereof. 
9. A sustained release formulation and dosage form com 

prising a compound of formula I according to claim 1 and 
pharmaceutically acceptable eXcipients that provide a con 
trolled release of the prodrug and the sustained delivery of 
the metabolite gabapentin or a salt thereof. 

10. A sustained release dosage form having a sustained 
release rate and delivery pro?le in vitro or in vivo and in the 
gastric system and in the blood plasma of a patient With the 
prodrug of formula I according to claim 1 relative to the 
release rate and delivery pro?le of gabapentin. 

* * * * * 


